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DIELECTRIC PROPERTIES OF SALT SOLUTIONS
AT ULTRA-HIGH FREQUENCIES

By RAMU SATYANARAYANA anp S. R. KHASTGIR
(Received for publicatipn, November 13, 1950)

ABSTRACT The dielectric properties Oﬁ:"i(l) sodium chloride (2) magnesium chloride
(3" potassium chloride and (4) copper sulphate golutions over a range of ultra-high frequencies
(60— 110 Mc/s) were studied by emploving a Eecher-wire system terminatitg at the input
end by a condenser filled with each of thé§solutions. The length of the Lecher-wire was
adjusted for maximum voltage across the | xperimental condenser with the help of a
valve-detector unit.

The dielectric constant of the solutions whs found to increase, attaining a saturation
value at a particular concentration (0.4—0.68), except in the case of copper sulphate
solution. )

The ultra-high frequency absorption in eaéh of the four salt solutions was studied by
drawing the space-resonance curves with different concentrations of the salt solution. Ab-
sorption curves were then drawn by plotting the values of the width of resonance against
concentrali>n for several frequencies in the case of sodinm chloride solution and
for one frequency in the case of the other solutions. From these absorption curves, the
frequencies of the maximum absorption for certain concentrations in the case of sodjum
chloride solution were found. From the observed values of the frequencies of maximum
absorption the relaxation times were determined for these concentrations by applying
Debye’s formula. Relaxation time for a particular concentration of each of the other th:ee
<olutions was also similarly obtained. The values of the product of the wavelength corres-
ponding to the maximum absorption and the normality of the solution, expressed in
gram-equivalents per litre, have been found to be constant which agree well with
the values obtained by other workers. With the values of relaxation time obtained
from the absorption data, Debye's dispersion, absorption and loss-tangent curves have been
drawn for each of the four solutions. The values of relaxation time were also computed
from Debye-Falkenhagen formula for comparison. In the case of copper suiphate, thcre
was discrepancy.

The values of the high-frequency electrical conductivity of scdium chloride have also
been calculated for different concentrations for three different frequencies within the ex-
perimental range.

s

+*

INTRODUCTION

As a large part of wireless communication is conducted over the seas,
the study of dielectric properties of seawater is of considerable importance
for radio commmunications. From theoretical aspects also, the subject is
worthy of systematic investigations. Experiments were therefore, under-
taken by various workers for finding the dielectric properties of sea-water.

As early as 1907 the electrical conductivity of different samples of
sea-water was measured by Hill (19o7) in the audio-frequency range and
later by Van der Pol (1918), in the range of low and medium frequencies.
Drysdale (1920), studied the dielectric behaviour of sea-water up toa
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frequency of 1 Mc/s and Smith-Rose (1933-34) carried out sjmilar measure-
ments up to 10 Mc/s

Sea-water mostly contains sodium chloride solutions in water and the
salt-content varics from about 0.2 to about 3%. It also contains other salts
in smaller quantities, viz., potassium chloride, magnesium chloride etc.
(Dors, 1040). ‘The dielectric behaviour of these salt solutions was also studi-
ed experimentally by different workers. Drake, Pierce and Dow (1030)
measured the dielectric properties of potassium chloride solution at lower
frequencies. Cooper (1946, measured the dielectric properties of sodium
chloride solution over a frequency of 0.95—13 Mc/s and 690—4320 Mc/s.
Some accurate. measurements of the absorption cocfficients of ccmmon salt
in solution were made by Saxton and Lane (1947) for very high radio frequen
cies. The absorption and other associated properties of some salt solutions
that compose average sea water were also studied recently by Chatterjece
and Sreekantan (1948) in India over a frequemncy range of 300-500 Mc/s.
An optical method was adopted in their work and the percentage of absorp-
tion of wultra-high frequency waves in these solutions as found for
different concentrations over the experimental range of frequencies. Attenua-
tion coefficients and hence absorption indices were calculated for different
frequencies for certain fixed dilutions. Several other associated properties,
e. g., relaxation time, dielectric constant, loss-tangent value, dipole-conduc-
tivity, etc. were also calculated from the absorption data for these solutions.

In the present work, the dielectric properties of sodium chloride,
potassium chloride, magnesium chloride and copper sulphate solutions were
investigated for a range of concentrations from o to 3% with ultra-high
frequency fields ranging from about 9o Mc/s to 110 Mc/s. Regarding the
effective dielectric constants of the solutions, no attempt was made to find
their absolute values. Omnly a qualitative study of the variation of the die-
lectric constant of the different solutions with concentration was made for
different frequencies within the cxperimental range. Within the same fre-

quency range, measurements were made of H.F. absorption in water and in

the different solutions. These absorption measurements were carried out

for varying concentrations by keeping frequency constant and the results
have been thecoretically examined. ‘The relaxation times have been compu-
ted from these absorption data, and with these computed values, the dielectric
constant and the absorption coefficient have been obtained from the
dispersion and absorption formula of Debye. ; ‘

An expression for the H.F. electrical conductivity has been obtained in
terms of absorption and its values have been obtained in the case of sodium
chloride for different concentrations and for some fixed frequencies.

EXPERIMENTAL PROCEDURE

‘T he Lecher-v?'ire method was employed in studying the dielectric pro-
perties of the different salt solutions, viz. sodium chloride, magnesium chlo.
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ride, potassium chloride, and copper sulphate for a range of ultra-high
frequencies. The experimental arrangement consisted of a pair of Lecher
wires terminating at the generator end by a parallel-plate condenscer inside a
glass receptacle for containing water or any solution as dielectric between
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(a) T,echer-wire arrangement
(b) Deteclor unit
(¢) Short-cirenting bridge.

the plates. When ultra-high frequency voltage was applied to the input end
of the Lecher-wire systemn and standing waves were produced, the position
of a potential node was obtained by sliding a short-circuiting bridge to-and-
fro along the wires till the voltage across the terminal condenser as indi-
cated by a suitable valve-detector unit was maximum?®

DIELECTRIC CONSTANT VARIATIONS WITH
CONCENTRATION

The length I of the Lecher wire (as imeasured from the generator end)
was first adjusted for resomnance with air in the experimental condenser.
When water or any solution was introduced in the experimental condenser, the
length I, when adjusted for resonance, was found to be shorter than the pre-
vious length I. 'The shortening indicated an increase of dielectric constant
of the medium inside the condenser. ‘The shift of resonance point was noted
for different concentrations (o0—3%) for each of the four salt solutions under
examination. In the case of sodium chloride solution, five different frequen-
cies from 62 Mc/s to 110 Mc/s were tried, while for other solutions, the

* It should be noted that the condition for maximum voltage across the terminal
condenser was the same as that for current.resonance. The voltage-resonance adjustment
was not only found convenient but also extremely useful, as it was possible to eliminate
. any conductivity effect across the experimental condenser. It is well known that the
1~C value necessary for maximum voltage across the condenser should be independent of
the condnctivity or leakage across the same.
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variation of the shift of resonaunce with concentration was studied for only
one frequency within the experimuental range.

HF. ABSORPTION MEASUREMENTS

The study of the H.F. absorption in water and in the different solutions
was done by drawing the space-resonance curves with pure water.and with
different amounts ot salts dissolved in it. The ‘‘sharpness’’ or ‘‘flatness’’ ol
resonance obtained with water or any solution was then measured by noting
the distance between two points on either side of the resonance point on the
Lecher wire, giving currents 1/ 4/ 2 timnes the current at resonance.

Keeping the frequency of oscillation fixed, the width of reso-
vance, asa measure of H.F. absorption, was measured from each of the
space-1esonance curves obtained with the solutions of different concentiaticns
fromoto 3%. With sodium chloride solution, fresh sets of observations
were made for different frequencies within the range under investigation.
Measurciments were made with one frequency only for the other solutions.

The values of H/F electrical conductivity were determined from the
absorption data in the case of sodium chloride solution for different concen-
trations o0-—3%) for three fixed frequencies in the manner described in

the next section.

THEORY OF THE METHOD OF MEASURING THE
HJ. ELECTRICAL CONDUCTIVITY OF WA TER
AND THE SALT SOLUTIONS

The measurement of the H.F. electrical conductivity of the liquid
between the plates inside the cell is possible by determining the attenuation
consiants of a Lecher wirc system (1) when there is between the
plates of the terminal condenser and (2) when the liquid (water or any
solution) is therc as the dielectric. The attenuation constant %, in the first
case is easily obtained from

R
Ky = —= -
’ 2Z, (1)
where R isthe H.F. resistance per unit length and Z, the surge-impedence
of the Lecher systein. ’The resistance R per unit length can be determined

from

R = !———-R ke
Ni= (d/a)? (2)
where R, denotes the direct-current resistance per unit length . £ the paralicl
wires, d the diameter of the wires and a the spacing. ‘The urits in (2) are in

c.m.c.g.s. units. The surge-impedence is obtained from

Z, (ohms) =: 276 logw-g; <o (3)
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The attenuation constant «, in the second case when water or any solution
is inside the terminal condenser of the Lecher-wire system, can be determined
in the following manner.

With the liquid inside the experimental condenser there will be a leakage
of resistance p across the same. This leakage resistance is in parallel with
the liquid condenser and can be replaced by a series resistance 7. I’, where
r == resistance per unit length distr{’buted uniformly over the entire resonance
length I/. The attenuation constar&t under this condition is given by

@

R+
A i
2. (4)
Thus from (1) and (4)
r 220(1 - Iu)
or r.0l =gaZ (x—=2 ) ... (5)
Now the leakagc resistance is giverg by
po I (6)
0%e?C,? (11"}

The capacity C, of the terminal condenser can be climinated from the reso-
nance condition, when there is just air between the plates of the terminal
condenser of the Lecher system, viz.,

27l 1
A wCo

Cy= —- I
or ) 2nl
wZ, tan by

* Z(,.tan

Substituting this value of C,, we obtain from (5) and (6)

27!

_ 70 tﬂll? A PN (7)

N

Remembering that

— I
P 470 Co

and substituting the value of C,, we get

74 2nl
wlotan--y -
p= o A . (8)
47o
From (6) and (7) oo ofz=l , _ clama)le® ©
anl a 270 -« 19
27 tan—— A talt

where ¢ is the velocity of light and A, the wavelength corresponding to w.
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Since the attenuation constant %,, as seen from (1), is negligible, the electrical
conductivity o is given by
- &C

T 2nl
A tan A

la k.2 , . (10)

where
k, = &l'C/A tan 2;’1

The attenuation constant = is obtained from the theoretical relation between
« and the ‘ width ’ of the resonance curve, In the case of ‘ half-width ’, the
attenuation coeflicient is given by

% = 2 ( ”_e_) (11)
m\ A?

where ¢ is the half-width, m is the order of the potential node on the Lecher
wire and A the wave-length of the oscillation induced into the Lecher-wire

system. In the case of the (1/v2) width as in the present work, we have

_ V2 [ nme
@ = _._m..( 5~ N ¢ £3)
where ¢ is the (1/+/3) width.

In view of (10) and (12), the H.F. conductivity will be given by the
relation :

e “ee. (13)

EXPERIMENTAL ARRANGHEMENTS

A Philco H.F. signal generator (‘I'ype 7070)) was used as source of
ultra-high frequency oscillations. The output of the signal gencrator, when
set for requisite ultra-high frequency, was applied across the parallel-plate
condenser which served as the terminal condenser of a parallel-wire Lecher
system at the generator end.

‘The pair of parallel Lecher-wires (S.W.G. No. 12 copper wire, diameter
0.259 cms.) were set up horizontally about 4 feet from the floor. ‘The distance
between the pair of parallel wires was 6.29 cms. As already mentioned above,
the terminal condenser of the Lecher-wire system was a parallel-plate condenser
enclosed in a glass receptacle with lead-in wires from the two plates. ‘The
glass receptacle could be filled with water or any other solution which also
could be made to run out through an outlet tube fitted with a glass stop-cock.

‘With ultra-high frequency oscillations on, the resonance length adjustments
were made by sliding a short-circuiting bridge B across the ILecher-wires,
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‘I'tre short-circuiting bridge was made of thick copper wire and was mounted
on a long ebonite handle. ‘The under-side of the short circuiting bridge was
filed and shaped in the form of a sharp edge and a pointer was attached to
the bridge. A scale was kept horizontally fixed alongside the I,echer-wires
and the pointer on the sliding bridge indicated its position on the horizontal
scale. The resonance was indicated by means of a valve-dctector with a
balanced mirror galvanometer  im the anode circuit. The detector unit
was coupled to the Lecher-wire system at the input end by means of two
small condensers a, a consisting ¢ short brass tubes insulated from
the Lecher-wires by glass sleeves. e dingram of the entire experimental
arrangement is shown in Fig. 1. he circuit diagram of the detector unit
is shown separately in the same figur : ’

EXPERIMENTAL RESUILf'S SHOWING SHIFTS OF
RESONANCE POINTS FOR DIFFERENT CONCE N-
TRATIONS OF THEFSOLUTIONSE DUE TO
DIELECTRIC CONBTANT VARIATIONS.

The shifts of resonance point on ihe Lecher-wires towards the generator
end indicated smaller resonance lengths and hence increasing dielectric con-
stant values. It was observed that the resonance length decreased gradually
with the increased concentration, attaining a constant valuc after a certain
concentration.

The shifts of resonance point for sodium chloride for increasing con-
centration from o to 39 (normality from o to o.5129 N) for five different
ultra-high frequencies arc shown in Fig. 2. The shifts of resonance points
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for magnesiut'n chloride, potassium chloride, and coppei' sulphate solutions-
with increasing concentration from o to 3% are illustrated in Fig. 3 for only-

one frequency.
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1t will be noticed that in all solutions, except copper sulphate soiution,
the shift increases gradually (i.e., the resonance length I’ decreases slowly)
till it attains a steady value at a particular concentration. The maximum
shift observed was indeed small, indicating only a small increase of dielectric
constant of the solution. The dielectric constant attained a saturation value at
0.5 t0 0.6% concentration. In the case of copper sulphate solution the dielectric
constant was, however, found to remain constant from o to 0.89% concentration.
For concentration values from 0.8 to 3%, it was found to increase
considerably.

ABSORPTION MEASUREMENTS AND DETERMIN A-
TIONS OF HF. ELECTRICAL CONDUCTIVITY OF
THE SALT SOLUTIONS. ’

(a) Absorption-concentiration curves for fixed frequencies

For each frequency, resonance curves showing deflections in the galva-
nometer of the valve-detector unit against the scale divisions representing
the wire-lengths were experimentally obtained with water and with solutions
of different concentration used as dielectric between the plates of the experi-
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mental condeuser. From the resonance curves for each concentratiou, the
(1/v2). width was measured -carefulily. The wvalues of the width
of resomance when ©plotted against the corresponding values of.
concentration gave the absorption-concentration curve for a particular frequ-
ency. Such absorption curves were obtained for different frequencies
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in the case of sodium chloride solution, and for one frequency for other %6lus
tions. In almost all the curves there was distinct evidence of lwo maxima
at particular values of the concentration, the positions of the maxima depend-
ing upon the frequency of the field. For sodium chloride solution two sets
of ‘absorption curves showing width of resonance against concentration
are shown in Fig. 4 for 62Mc/s and 85 Mc/s. In Fig. 5 are shown four
other sets of similar absorption curves for sodium chloride for 70 Mc/s, 8o
Mc/s, oo Mc/s and 110 Mc/s. The figures illustiate a definite shift of the
maximum towards the higher concentration side for the higher frequencies.
We have reasons to believe that the two maxima generally observed are
associated with the fundamental and the first harmonic frequencies. It can
be seen that the position of the first maximum (which is associated with
the fundamental) lies between 0.2 and 0.3% conc. whereas, the position of
the second maximum (which is associated with the first harmonic) lies within
o.5 and 0.7% conc. within the frequency range from 72 to 110 Mc/s.
The shift of the second maximum with frequency is indicated in the absorp-
tion curves. ‘The absorption-concentration curves for maguesium chiloride,
potassium chloride and copper sulphate solutions for one particular frequency
are illustrated in Fig. 6.

T CuSQ,~ SOLUTION
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In obtaining the values of the high-frequency electrical conductivity of
he sodium chloride solution, which are given in Table I., calculations were
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made according to (13). In computing the wvalues, the dielectric constant
of the agueous solutions, which are all dilute, is taken as 80: ‘I'he constant
resonance-length I with air in the terminal condenser of the Lecher wire
system and the resonauce length I with the solution inside the condenser
after it ‘attained a constant value were taken for the calculation.

Ta;;mn I
(Sodium chioride solution,
»
o Normalit H.FK. clec. conductivity (e.s.u.)
. ality

o 0.0 0.2303 0 4567

0.1 0.01709 N 0.1*80 0.3036 0.7731

0.2 0.03419 N o.xsgm 0.3350 1 0540

0.3 0.05129 N o.:aézo 0.3036 1.3000

0.4 0.06834 N 0.12670 o 2617 1 1950

0.5 0.08547 N 0.11910 0.3036 1.1240

0.6 0.10260 N 0.710750 0.2722 1.4060
. 0.7 o.11960 N 0.11520 ' 0.2513 1.0890

0.8 0.13680 N ©.10750 02513 0.9840

0.9 0.15380 N 0.10750 0.2303 . 0.9137

1.0 o.17090 N 0.09982 0.21Y9 0.8433

1,5 0.25640 N ) 0.09212 0.2303 0 9137

2.0 o0.34130 N 0.84450 o 2303\ 0.9488

2.5 0.42740 N 0.08061 0.2303 0.9137

3.0 o.51200 N 0.0806T 0.2303 0.8784

(b) Frequency of Maximum Absorption and its Relalion with Concentration

From each absorption-concentration curve for a particular frequency,
the concentration value for maximum absorption (i.e., maximum width of
resonance) was noted and the particular frequency was then regarded as the
frequency for maximum absorption for that concentration. As already
mentioned, there were two maxima in. one absorption-concentration curve.
The concentration values corresponding to the two maxima in the absorption
curves were associated with the particular frequencies which were regarded
as frequencies of maximum absorption for these concentrations. In Table II
are given the different concentration values corresponding to frequencies
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of maximum absorption for the two maxima. The values of the product
of the wavelength in cms corresponding to the frequency of maximum
absorption and the concentration cxpressed in gram-cquivalent per litre are

also entered in Table I1.

TasLe 11
(Sodium chloride solutions)
Set T )
First maximum Second maximum
v % v o
cozé;c. gm. equiv, Ml Acm. {(7.Aen. )| conc. | gm. equiv. Mé/s Acm. (7. Aem.)
(gms litr /s \gms.) | /litre
gms) per e g
0.20 0.0342 N 62 483 7 16.54
0.275 0.0470 N 85 352.9 16.59 0.6 0.1026 170 176 5 18.1
mean 16.57
Set 11.
0.225 0.03846 N 70 428.6 16.48 . -
0.250 0.04274 N 8o 75.0 1..03 0.5 0.08547 160 177.5 16.03
0.300 0.05129 N 9o 335.3 17.C9 0.6 0.10260 180 167.7 17.09
c.325 0.05556 N | 110 272.7 15.15 0.7 o 11960 220 136.4 15.1§
mean mean
value, value,
16.19 16.48

It is to be observed that the product (y.Aem) comes out to be a constant,
being equal to 16.19 for the first miximum. Accepting the first harmonic
wavelength values for the second maximum, the product (y.Aem; is found
to have practically the same constant value. ‘This equality of the values
of {y.Aun) for the two maxima can be regarded as a good justification for
believing that the first hamonic is responsible for the second maximum.

The experimenta} value of (y.A.,) for sodium chloride agrees well with
the value 16.45 given by Forman and Crisp (1946) and also with that obtained
by Chatterjee and Sreekantan (1948).

Similar experimental results with magnesium chloride, potassium chlo-
ride and copper sulphate solutions gave the frequencies of maximum absorp-
tion. The values of these frequencies and the corresponding concentrations
together with the values of product of the wavelength corresponding to
the frequency of maximum absorption and concentration in gram- equlvalenta
‘per litre are given in the Table III, ' ’ . )
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TasLE I11
Y
Conc. gm. equiv. f Aom, (7. Aom.)
(grms) per litre. Mec/s

1st 0.35 0.046g3 N 8s 3c2.0 16.56

max. 1

Potassium - ;
chloride, znd 0.70 0809386 N 170 176.5 16.56

max. ;

mean value

] 16.56
1st 0.30 o950 N 85 352.9 10.41

max ]
Magmnesinimn ' 12.15

chloride. 2nd 0.70 0P6885 N 170 176.5 mean-value :

max. : 11.28

3
Ist 0.275 op2205 N Qo 333-3 7-35

max. ;

Copper sulphate. .
and 0.50 0.04004 N 180 166.7 6.68

max. |
mean value :

7.02

In Table 1V the values of (y.Aem.) obtained by different experimenters
are given for comparison.

TABLE TV

Salt solution

Satyanélrnyana

Kﬁastgir

Sodium chloride
Potassium chloride
Magnesium chloride

Copper sulphate

16.24
16 56

11.28

7.02

"Forman Chatterjee
& &
Crisp Srecekantan
16.45 16.64
15.96
11.96
8.65

DISPERSION AND ABSORPTION FORMULXAE

The wcll-known Lorentz expression for the local field at a molecule is

given by

Eioent =E + 4P

where P is the electric polarisation.
On the basis of this experssion, Debye {(1929' derived the expressions for

the real and imaginary dielectric constants :

(14)
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¢~.'=e°°+€°—6°° ]
1+y* |
i es e (xs)
W — € €
="t %
1—-y° Yo)

€+ 2
where y=( L )wf.

€+ 2
¢, = static dielectric constant,

e =dilectric constant for extremely high frequencies,

and r=rclaxation time.
The Lorentz expression was considered inadequate for representing the
local field, and the hypothesis of ‘hindered rotation’ was introduced later by
Debye (1935, 1937} and Fowler (1935). Reconsideration of the problem by
Onsager (1936) led to a ‘reaction field’ which is due to the polarization of
the dilectric in the electric field of the molecule itself. Considering the
reaction field with certain simplifying assumptions and introducing the effect
of an alternating field, Onsager derived
+ 07 %

-
¢ =€y,
1+ x?

€ —E6€
=0T
I+Xx

1
i ... [1(16)
) .

where ax=o7, and 7, is another relaxation time.

Onsager’s expressions were similar to Decbye’s ecxcept for the
interchange of parameters x* and 4. This interchange of paremeters
gives a larger value for the relaxation time according to Onsager than that
on Debye’s theory.

Van Vleck {1g937) suggested an assemblage of discrete particles rather
than a continuous medium. On this view Cole (1937} also obtained
expressions similar to Debye’s formulze. ‘The relaxation time was, however,
different and there was an empirical factor.

EXPERIMENTAL DETERMINATION QF RELAXATION
TIME FROM THE ABSORPTION MEASUREMENTS

Let us take Debye’s cxpression {or e’ :

" €9 — 6o
o= I‘Q+—ya— ¥,

\
where y=mr.( Sat2 )
6w + 2
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When concentration is wvaried, both relaxation time and dielectric constant
change, so that

e/ O X
—_— == (e —_— —_— —_— + ._._2.)._. .2 - H
0~ ‘w) By I 3’2 T+ _)’2 . ay(eo €/

If now the dielectric constant is assumed to remain constant the second
term becomes zero and ¢’ becomes maximum, when y=1. The constancy
of the dielectric constant has been agsumed for determining the frequency
of maximum absorption. ‘T‘hus according to Debye

o )
Wmax = 27 fman = e L . {)'= | N

o ¥ 2 T
%
¥

or r= __I__J,( 6@.“.) 1)
2”[1\\& . €+ 2

4

According to ()nsager

In the range of ultra-high frequencies the difference between the two
relaxation times is extremely small.

The calculation of = from (17) has been primarily based on the observed
value of the frequency of maximum absorption. eq may be assumed to
be cqual to the diclectric constant of water at ultra-high frequencies which
is 80 and €y al the audio frequencies can be obtained from Falkenhagen’s

Jation : oo, =107 X160 | L Z, [ £y [+]Z, }5. (g9 (
rclation €g— €, =:" g Y Sy py et (19)

where Z,=valency of Na-ion=1
Z,=valency of Cl-ion=1
T=300°K
e, =dielectric constant of water at u.h.f. =80 c.s,u.
g=o.5 for Na(Cl
Y =concentration in grani-cquivalents Ler litre.
Thus ¢g —¢,=3.536 &y for NaCl-solution.

Similarly the following can be worked out.
€g—e,=09.281 4y for MgCl; at 23°C.
co—e,=3.514 7y for KCl at 23°C.
¢o—¢, =28.95¢y for CuSQO;, at 23°C

The relaxation time according to Debye-IFFalkenhagen theory (Falkenhagen,
1935) for a salt solution is given by :—

-11
= S.55 %10 x D, (20)
Aw.?

4—1778P—4
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where D,=dielectric constant of water
y=concentration expressed in grain equivalents per litre,
A, =equivalent conductivity of solution at infinite dilution,
= 108.9yg for sodium chloride
= 510.88 for magnesium chloride
=133.10 for potassium chloride
=113.85 for copper sulphate

The values of &, as calculated from (19;, and of 7, as calculated from (17)
are given in ‘I'able V in the case of NaCl for three different concent:iations.
The values of 7, as computed from Debye-Falkenhagen formula, are also
entered in the same table for comparison.

TaBLE V
Sodium chloride solution. ¢, =80
% o Relaxation time 7
conc. (gms). normality € f Mc/s. | .7,
(gms/ litre) 0 max / Obs. in secs. | Cal. in sec. X
X 1010 100 {Debye-
{Debye) Falkenhagen)
0.7 0.17960 N 81.223 110 14.25 11.69
0.6 0.10260 N 81.132 00 17.44 12.67
0.5 0.58547 N 81.034 8o ’ 19 63 15.20

The values of €, and 7 for KC1, MgCl,, and CuSQ), for one concentration
are given in 'I'able VI.

TABLE VI
% v g Reaaxatlon time =
Salt cone. normality € fauax T - B B
(gms,) (gms/litre) Mc/s* ' Obs in Cal in secs
‘ secs. X 10"0} X100 (Debye-
B B B l (Debye) Falkenhagen)
KCl 0.35 0.04693 N 80.761 85 i 10.01 11.60
MgCly o 70 o 06885 N 82 435 85 ,’ 18.18 21.79
Cuv0, 0.50 \] 0.040c4 N £5.794 90 | 16.84 28.19
|

It is to be observed that Debye-Falkenhagen expression for 7 gives
somewhat smaller values than our observed values for NaCl and KCl. In

the case of MgCl,, the observed value is slightly higher. The discrepancy

between the observed value and the value computed from Debye Falkenhagen
expression is indeed large for CuSO, solution.
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0DiuM CHLORIDE
: G;23550
. €=81034 T = 943x15Vsee
0.67
060
0'55 2,63
050
N
DY
045 1l 0-59
<
¢
2
040 I
2 .55 x 102 -
1.4
MAGNESIUM CHLORIDE
)
Eom 82-435 T= 1818 x16"skc,
1.50
120 1.45
s | 140
X
w
"
10 w135
€
108 4 1.30
o~ LT o , J t-25%Xr07
o . 0.9 1.1 1.3
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Ko 6o P sium_CHLORIDE
Eo- 693 N
521‘:51?.:'0 ) o
€,= 80:7605 T = 19-01 x 10 SEC. -52
8o 50 9.50
0.48
[ W
K. 40 041 0.46
040
039
3 0.44
038 «
R
80.30 037 W n.42
]
036 ¢
o
035 I 0.40
034“
8o 20 033, 0 38X 10
0.5 09 1.1 1.3
Fic. ¢
.CoPPER SULPHATE
o.
€= 85794 < os%?uerﬁy) T=16-5¢ x 16 °SEC.
84.4 35
o. fan 8 9
29 34
53.8
28 33
83.2 27 3.2
N
26 31
82.6 *
w
I 25 I] 3.0
82.0 ) 24 2.0X 1072

0.5 o7 0.9
FiG. 10
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CALCULATED VALUES OF ¢, AND THE LOSSTANGEN T

Accepting Debye’s formule for ¢ and ¢/, we have substituted our
observed values of the rclaxation time and have calculated ¢ and ¢ for
different ultra-high frequencies within the experimental range for one
concentration value for each of the four salt solutions. ‘I'hc loss-tangent

4
€
tan S—thas also been calculated. The variations of ¢/, ¢ and tan & with fre-

quency are illustrated in figures 7=~10. It will be scen that the maximum
for either €’ or tan & appcars at thé frequency of maximum absorption. It
should be remembered that the valizes of ¢ and tan & wcre calcuiated by
taking the relaxation time value cogrespouding to the frequency of maximum
absorption. ’
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